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TECHNIQUES FOR PROVIDING DC-FREE 
DETECTION OF DC EQUALIZATION 

TARGET 

BACKGROUND OF THE INVENTION 

The present invention relates to techniques for detecting 
bits in systems, such as hard disk drives, and more particu 
larly, to techniques for DC-free detection of a DC equaliZa 
tion target. 

Data storage devices are systems that store bits represent 
ing data. Data storage devices include hard disk drives, opti 
cal disk drives, and other systems. 

BRIEF SUMMARY OF THE INVENTION 

A data storage device includes a ?rst ?lter that generates a 
short DC equalization target in response to a read back signal 
generated from magnetic patterns that are recorded on a stor 
age medium using perpendicular recording. The data storage 
device also includes a ?rst detector that generates an output 
sequence in response to the short DC equaliZation target. The 
data storage device also includes a high pass ?lter that attenu 
ates DC components of the short DC equaliZation target and 
that passes loW frequency components of the short DC equal 
iZation target above a cutoff frequency to generate a ?ltered 
signal. The data storage device also includes a second detec 
tor that processes the output sequence in response to the 
?ltered signal. 

Various objects, features, and advantages of the present 
invention Will become apparent upon consideration of the 
folloWing detailed description and the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram that shoWs various components in 
a hard disk drive that process a read back signal from a 
magnetic disk, according to an embodiment of the present 
invention. 

FIG. 2A is a graph that illustrates coef?cients that a digital 
?nite impulse response (DFIR) ?lter in a DC-free soft-input 
soft-output (SISO) matched ?lter multiplies by an input sig 
nal during different tap delays to generate DC-free detection 
in a hard disk drive using perpendicular recording, according 
to an embodiment of the present invention. 

FIG. 2B is a graph that illustrates another set of coef?cients 
that a digital ?nite impulse response (DFIR) ?lter in a DC 
free soft-input-soft-output (SISO) matched ?lter multiplies 
by an input signal during different tap delays to generate 
DC-free detection in a hard disk drive using perpendicular 
recording, according to an embodiment of the present inven 
tion. 

FIG. 3A graphically illustrates the convolution of the 
responses of the DFIR ?lter in FIG. 1 and the DC-free SISO 
matched ?lter of FIG. 2A, according to an embodiment of the 
present invention. 

FIG. 3B graphically illustrates the convolution of the 
responses of the DFIR ?lter in FIG. 1 and the DC-free SISO 
matched ?lter of FIG. 2B, according to an embodiment of the 
present invention. 

FIG. 4 is a graph that illustrates the frequency response of 
a system having a DFIR ?lter With the tap coef?cients shoWn 
at the bottom of FIG. 3A, according to an embodiment of the 
present invention. 
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2 
FIG. 5 is a graph that illustrates the frequency response of 

a system having a DFIR ?lter With the tap coef?cients shoWn 
at the bottom of FIG. 3B, according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Hard disk drives are data storage devices that store data as 
magnetic patterns on magnetic hard disks. Although many 
embodiments of the present invention are described in the 
context of hard disk drives, it should be understood that 
embodiments of the present invention can be used in other 
types of data storage devices. A hard disk drive includes a 
Write element that Writes the magnetic patterns on the hard 
disk and a read sensor that generates a read back signal in 
response to reading the magnetic patterns on the hard disk. 
The Write element and the read sensor are typically part of a 
read/Write head. 
Some types of hard disk drives use a recording technique 

referred to as perpendicular recording. In a hard disk drive 
that uses perpendicular recording, the read sensor generates a 
read back signal that contains a substantial amount of energy 
in loW frequency signals that are close to DC (direct current). 
For example, the read sensor may generate a substantial 
amount of energy in signals that are 1% of the bit rate. 

According to some embodiments of the present invention, 
a data storage device uses a short DC equaliZation target to 
optimiZe the detection of loW frequency components of read 
back signals. A read sensor reads magnetic patterns that are 
recorded on a magnetic medium using perpendicular record 
ing to generate the read back signals. The data storage device 
can include a digital ?nite impulse response (DFIR) ?lter that 
generates a short equaliZation target signal from the read back 
signal (e.g., a 1-2-1 short equaliZation target). The short DC 
equaliZation target can, for example, refer to a detector that 
takes into account inter-symbol interference (ISI). 
When using perpendicular recording With a PRML (Partial 

Response Maximum Likelihood) style channel, a short equal 
iZation target that includes a DC response represents an over 
all very good match to the system. HoWever, the channel 
signal path does not actually pass DC energy. A very loW pole 
associated With the head-media, a preampli?er pole, and a 
channel front-end pole all block DC energy. 
As a result, detectors that are designed to detect informa 

tion from the read sensor at DC usually propagate errors. 
According to some embodiments of the present invention, a 
data storage device uses a short DC equaliZation target With 
DC-free detection to minimiZe the propagation of errors. The 
data storage device generates a target that is spectrally very 
Well matched to a perpendicular magnetic recording system. 
The data storage device provides DC-free detection Without 
degradation caused by DC circuit offsets, because the data 
storage device is not sensitive to DC levels generated by the 
read sensor. 

The DC-free virtual short target combines very Well With a 
loW density parity check (LDPC) code. The data storage 
device eliminates the need for a DC restore circuit in the 
detection process. 
The data storage device can provide DC-free detection by 

using a high pass ?lter that has a neW digitally implemented 
dominant loW frequency pole for ?ltering the short DC equal 
iZation target. The dominant pole occurs at a loW frequency 
near DC. The dominant pole alloWs the high pass ?lter to 
attenuate signals beloW the cutoff frequency of the dominant 
pole. The dominant pole eliminates the signi?cance of the 
pre-ampli?er pole and the front-end pole in the data storage 
device, because the dominant pole occurs at a greater fre 
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quency than the otherAC poles. The dominant pole causes the 
?lter to reject the lowest 1% of the channel bandwidth where 
1/frequency noise issues often dominate the signal response. 

FIG. 1 is a block diagram showing various components in 
a hard disk drive that process a read back signal from a 
magnetic disk, according to an embodiment of the present 
invention. The components shown in FIG. 1 include a high 
pass coupling pole (e.g., 0.025%) included as part of pream 
pli?er 101, a high pass coupling pole (e.g., 0.025%) included 
as part of channel input 102, an adder 103, magneto resistive 
head asymmetry correction circuit (MRA) 104, continuous 
time ?lter (CTF) 105 (i.e., anti-aliasing low-pass ?lter), ana 
log-to-digital converter (ADC) 106 having a 6-bit output, DC 
restore circuit 107, digital ?nite impulse response (DFIR) 
?lter 108, DC-free Viterbi matched ?lter 109, Viterbi detector 
110, iterative detector 111, ‘121’ ?nite impulse response 
(FIR) ?lter 112, delay block 113, adder 114, and DC-free 
soft-input-soft-output (SISO) matched ?lter 115. 
The read signal at the output of ADC 106 has ISI, but the 

ISI of the read signal is not mathematically well de?ned. 
DFIR ?lter 108 equalizes the output signal of the ADC 106 to 
a DC ‘121’ short equalization target. DFIR ?lter 108 is a 
16-tap FIR ?lter. The 16 coef?cients are adaptively arrived at 
using a special hardware circuit. DFIR ?lter 108 is adaptively 
adjusted in response to customer data such that the equalized 
response due to an isolated magnet is ‘121’. The goal of DFIR 
?lter 108 is to equalize the sampled signal to a mathematically 
crisp ISI de?nition of ‘121 ’. The transfer function of the 
system (from the read/write head to the DFIR ?lter 108 out 
put) is effectively ‘ 121 ’. 

DC-free Viterbi matched ?lter block 109 ?lters the DC 
short equalization target output of DFIR ?lter 108 to generate 
a DC-free matched signal at the input of Viterbi detector 110. 
Viterbi detector 110 generates a most likely sequence of states 
for the read back signal. 

The output sequence of Viterbi detector 110 is processed 
by DC restore circuit 107 and added to the output of channel 
102 at adder 103. The output sequence of Viterbi detector 110 
is also processed by iterative detector 111 and ‘ 121 ’ FIR ?lter 
112. FIR ?lter 112 is a 3-tap FIR with coef?cients ‘121’. 
The output signal of DFIR ?lter 108 is delayed by delay 

block 113 by a delay DLATENCY. The delayed output signal of 
delay block 113 is subtracted from the output signal of ‘ 121 ’ 
?lter 112 using adder 114 to generate an error signal that is 
transmitted to DC-free SISO matched ?lter 115. DC-free 
SISO matched ?lter 1 15 ?lters the error signal from adder 1 14 
to generate a ?ltered output signal that is transmitted to itera 
tive detector 111. DC-free SISO matched ?lter 115 contains a 
high pass ?lter having a digitally implemented dominant low 
frequency pole that attenuates very low frequency signals 
near DC, as described above. Iterative detector 111 decodes 
the output sequence of Viterbi detector 110 using the ?ltered 
output signal of DC-free SISO matched ?lter 115. 

In some embodiments, DC-free SISO matched ?lter 115 
includes a digital ?nite impulse response (DFIR) ?lter that 
introduces the dominant pole into the ?ltering of the signals 
detected by the read sensor. The DFIR ?lter in ?lter 115 is 
implemented using digital logic circuits. FIGS. 2A-2B are 
graphs that illustrate coe?icients that the digital ?nite impulse 
response (DFIR) ?lter in DC-free soft-input-soft-output 
(SISO) matched ?lter 115 multiplies by an input signal during 
different tap delays to generate DC-free detection in a hard 
disk drive using perpendicular recording, according embodi 
ments of the present invention. The DFIR ?lter in matched 
?lter 115 includes the coef?cients that are represented by the 
positive and negative bars shown in FIG. 2A. Alternatively, 
the DFIR ?lter in matched ?lter 115 can include the coef? 
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4 
cients that are represented by the positive and negative bars 
shown in FIG. 2B. The DFIR ?lter in matched ?lter 115 
multiples the coef?cients shown in FIG. 2A or in FIG. 2B to 
the input error signal from adder 114 during different tap 
delays of the input error signal. 
The DC response of ?lter 115 is the sum of all of the 

coef?cients shown in FIG. 2A or all of the coef?cients shown 
in FIG. 2B. The DFIR ?lter in matched ?lter 115 applies the 
coef?cients to the input error signal from adder 114 during 
different tap delays to generate weighted results that are 
added together to generate a ?ltered output signal. Each of the 
coef?cients is multiplied to the input error signal after the 
input error signal has been delayed by a multiple of a tap delay 
D. For example, the ?rst coe?icient is multiplied to the input 
signal after a tap delay of D, the second coe?icient is multi 
plied to the input signal after a tap delay of 2D, the third 
coe?icient is multiplied to the input signal after a tap delay of 
3D, etc. The coef?cients are multiplied to the input signal in 
the order shown in FIGS. 2A-2B. 
The DFIR ?lter of FIG. 2A applies a total of 43 coef?cients 

to the input error signal from adder 114. The DFIR ?lter of 
FIG. 2A initially multiplies a coe?icient of —1 to the input 
signal 20 times during each of 20 different tap delay intervals 
of the input signal. For example, the DFIR ?lter multiplies —1 
to the input signal after the input signal has been delayed by 
a tap delay equal to 1D, the DFIR ?lter multiplies —1 to the 
input signal after the input signal has been delayed by a tap 
delay equal to 2D, etc. for a total of 20 multiplications during 
20 different tap delay intervals. Subsequently, the DFIR ?lter 
of FIG. 2A multiplies a coef?cient of F to the input signal 
after the input signal has been delayed by a tap delay of 21D. 
Then, the DFIR ?lter of FIG. 2A multiplies a coef?cient of 
(40-2F) to the input signal after the input signal has been 
delayed by a tap delay of 22D. Next, the DFIR ?lter of FIG. 
2A multiplies a coe?icient of F to the input signal after the 
input signal has been delayed by a tap delay of 23D. 

Lastly, the DFIR ?lter of FIG. 2A multiplies a coef?cient of 
—1 to the input signal 20 times during each of 20 more tap 
delay intervals of the input signal. For example, the DFIR 
?lter multiplies —1 to the input signal after the input signal has 
been delayed by a tap delay equal to 24D, the DFIR ?lter 
multiplies —1 to the input signal after the input signal has been 
delayed by a tap delay equal to 25D, etc. for a total of 20 
multiplications during 20 different tap delay intervals. After 
the DFIR ?lter multiplies the 43 coef?cients to the input 
signal to generate 43 weighted results, the 43 weighted results 
are added together to generate a ?ltered output signal. 
The DFIR ?lter of FIG. 2B applies 23 coef?cients to the 

input error signal from adder 114. The DFIR ?lter of FIG. 2B 
initially multiplies a coe?icient of —2 to the input signal 10 
times during each of 10 different tap delay intervals of the 
input signal. For example, the DFIR ?lter multiplies —2 to the 
input signal after the input signal has been delayed by a tap 
delay equal to 1D, the DFIR ?lter multiplies —2 to the input 
signal after the input signal has been delayed by a tap delay 
equal to 2D, etc. for a total of 10 multiplications during 10 
different tap delay intervals. Subsequently, the DFIR ?lter of 
FIG. 2B multiplies a coe?icient of F to the input signal after 
the input signal has been delayed by a delay of 11D. The 
DFIR ?lter of FIG. 2B then multiplies a coe?icient of (40-2F) 
to the input signal after the input signal has been delayed by 
a delay of 12D. The DFIR ?lter of FIG. 2B then multiplies a 
coe?icient of F to the input signal after the input signal has 
been delayed by a delay of 13D. 

Lastly, the DFIR ?lter of FIG. 2B again multiplies a coef 
?cient of —2 to the input signal 10 times during each of 10 
different tap delay intervals of the input signal. For example, 
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the DFIR ?lter multiplies —2 to the input signal after the input 
signal has been delayed by a tap delay equal to 14D, the DFIR 
?lter multiplies —2 to the input signal after the input signal has 
been delayed by a tap delay equal to 15D, etc. for a total of 10 
multiplications during 10 different tap delay intervals. After 
the DFIR ?lter multiplies the 23 coef?cients to the input 
signal to generate 23 Weighted results, the 23 Weighted results 
are added together to generate a ?ltered output signal. 

The F parameter affects the value of the middle three coef 
?cients of the ?lters of FIGS. 2A-2B. The F parameter is a 
positive or negative integer number. The value of the F param 
eter can, for example, be one of the integer numbers —8, —7, 
—6, —5, —4, —3, —2, —1, 0, 1, 2, 3, 4, 5, 6, or 7. The F parameter 
provides ?exibility to change the frequency response of the 
detector. The F parameter is typically changed in response to 
variations in noise and in the density of the data being read 
from the magnetic recording medium (e.g., magnetic disk). 
The density of the data on the magnetic recording medium 
can vary based on, for example, the bit rate of the bit stream, 
Whether the read sensor is reading data in an inner or outer 
track of the disk, etc. The F parameter can be different for 
each individual hard disk drive. 

The DFIR ?lters represented in FIGS. 2A and 2B pass loW 
frequency signals, While at the same time, attenuating very 
loW frequency signals that are near DC. The DFIR ?lters of 
FIGS. 2A and 2B introduce a dominant pole into the fre 
quency response that attenuates the very loW frequency sig 
nals near DC to achieve a DC-free signal response. 

FIG. 3A graphically illustrates the convolution of the 
responses of DFIR ?lter 108 and the DC-free SISO matched 
?lter 115 of FIG. 2A, according to an embodiment of the 
present invention. The upper left portion of FIG. 3A shoWs 
the equaliZed response of the system up through the output of 
DFIR ?lter 108. The graph in the upper right portion of FIG. 
3A shoWs the tap coef?cients of the DFIR ?lter in DC-free 
SISO matched ?lter 115 from FIG. 2A. The bottom of FIG. 
3A shoWs the overall system ISI response at the output of 
SISO ?lter 115 after taking the equaliZed response of ‘ 121 ’ 
and passing it through the additional SISO matched FIR ?lter 
115 having the coe?icients shoWn in FIG. 2A. The equivalent 
DFIR ?lter coef?cients shoWn in the bottom of FIG. 3A are 
generated by convolving a polynomial that represents the 
response of ?lter 108 With a polynomial that represents the 
response of ?lter 115 having the coef?cients shoWn in FIG. 
2A. 

FIG. 3B graphically illustrates the convolution of the 
responses of DFIR ?lter 108 and the DC-free SISO matched 
?lter 115 of FIG. 2B, according to an embodiment of the 
present invention. The upper left portion of FIG. 3B shoWs the 
equaliZed response of the system up through the output of the 
DFIR ?lter 108. The graph in the upper right portion of FIG. 
3B shoWs the tap coe?icients of the DFIR ?lter in DC-free 
SISO matched ?lter 115 from FIG. 2B. The bottom of FIG. 
3B shoWs the overall system ISI response at the output of 
SISO ?lter 115 after taking the equaliZed response of ‘ 121 ’ 
and passing it through the additional SISO matched FIR ?lter 
115 having the coef?cients shoWn in FIG. 2B. The equivalent 
DFIR ?lter coe?icients shoWn in the bottom of FIG. 3B are 
generated by convolving a polynomial that represents the 
response of ?lter 108 With a polynomial that represents the 
response of ?lter 115 having the coef?cients shoWn in FIG. 
2B. 

FIG. 4 is a graph that illustrates the frequency response of 
a DFIR ?lter With the tap coef?cients shoWn at the bottom of 
FIG. 3A, according to an embodiment of the present inven 
tion. The vertical axis of FIG. 4 measures the frequency 
response in decibels, and the horiZontal axis of FIG. 4 repre 
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6 
sents a frequency as a fraction of the bit rate of the read back 
signal. A range of 0 to 0.5 (50% of the bit rate) is shoWn in 
FIG. 4. 

The DC 121 target generated by ?lter 108 is effectively 
implementing the matched ?lter metric version of a (1+D) 
detection target, Which is shoWn by the dotted curve in FIG. 4. 
As shoWn in FIG. 4, the ‘121’ target response ampli?es loW 
frequency signals all the Way to and including DC signals. 
The solid curve in FIG. 4 represents the frequency response of 
the tap coe?icients shoWn at the bottom of FIG. 3A. The 
DFIR ?lter having the 43 coef?cients of FIG. 2A generates a 
dominant pole. The dominant pole causes the frequency 
response to have a cutoff frequency at about 1.37% of the bit 
rate. Above the cutoff frequency, the DFIR ?lter generates a 
frequency response that is nearly the same as the DC 121 
target. The DFIR ?lter attenuates frequencies beloW the cut 
off frequency. Thus, the DFIR ?lter ampli?es loW frequency 
signals, but attenuates DC signals that are beloW 1.37% of the 
bit rate. 

FIG. 5 is a graph that illustrates the frequency response of 
a DFIR ?lter With the tap coef?cients shoWn at the bottom of 
FIG. 3B, according to an embodiment of the present inven 
tion. The vertical axis of FIG. 5 measures the frequency 
response in decibels, and the horizontal axis of FIG. 5 repre 
sents a frequency as a fraction of the bit rate of the read back 
signal. 
The DC 121 target generated by ?lter 108 is effectively 

implementing the matched ?lter metric version of a (1+D) 
detection target, Which is shoWn by the dotted curve in FIG. 5. 
The solid curve in FIG. 5 represents the frequency response of 
the tap coef?cients shoWn at the bottom of FIG. 3B. The DFIR 
?lter having the 23 tap coef?cients of FIG. 2B generates a 
dominant pole. The dominant pole causes the frequency 
response to have a cutoff frequency at about 2.54% of the bit 
rate. Above the cutoff frequency, the DFIR ?lter generates a 
frequency response that is nearly the same as the DC 121 
target. The DFIR ?lter attenuates frequencies beloW the cut 
off frequency. The DFIR ?lter of FIGS. 2B and 5 can be used 
as a backup ?lter. 

The foregoing description of the exemplary embodiments 
of the present invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaustive 
or to limit the present invention to the examples disclosed 

herein. A latitude of modi?cation, various changes, and sub 
stitutions are intended in the present invention. In some 

instances, features of the present invention can be employed 
Without a corresponding use of other features as set forth. 

Many modi?cations and variations are possible in light of the 
above teachings, Without departing from the scope of the 
present invention. It is not intended that the scope of the 
present invention be limited With this detailed description. 

For example, embodiments of the present invention can be 
implemented using one or a combination of hardWare, soft 
Ware, and a computer-readable medium containing program 
instructions. Software implemented by embodiments of the 
present invention and results of the present invention can be 
stored on a computer-readable medium such as memory, hard 
disk drive, compact disc (CD), digital video disc (DVD), or 
other media. Results of the present invention can be used for 
various purposes such as being executed or processed by a 
processor, being displayed to a user, transmitted in a signal 
over a netWork, etc. 
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What is claimed is: 
1. A data storage device comprising: 
a ?rst ?lter that generates a short DC equalization target in 

response to a read back signal generated from magnetic 
patterns recorded on a storage medium using perpen 
dicular recording; 

a ?rst detector that generates an output sequence in 
response to the short DC equalization target; 

a high pass ?lter attenuating DC components of the short 
DC equaliZation target and passing loW frequency com 
ponents of the short DC equaliZation target that are 
above a cutoff frequency to generate a ?ltered signal; 
and 

a second detector that processes the output sequence in 
response to the ?ltered signal. 

2. The data storage device de?ned in claim 1 Wherein the 
data storage device is a hard disk drive, and the storage 
medium is a magnetic hard disk. 

3. The data storage device de?ned in claim 1 Wherein the 
cutoff frequency is between 1 and 2 percent of a bit rate of bits 
represented by the magnetic patterns. 

4. The data storage device de?ned in claim 1 Wherein the 
cutoff frequency is betWeen 2 and 3 percent of a bit rate of bits 
represented by the magnetic patterns. 

5. The data storage device de?ned in claim 1 Wherein the 
?rst ?lter is a digital ?nite impulse response ?lter that gener 
ates the short DC equaliZation target, and the ?rst detector is 
a Viterbi detector that generates the output sequence in 
response to the short DC equaliZation target. 

6. The data storage device de?ned in claim 1 Wherein the 
high pass ?lter comprises a digital ?nite impulse response 
?lter having coe?icients, and the digital ?nite impulse 
response ?lter multiplies the short DC equaliZation target by 
each of the coef?cients after the short DC equaliZation target 
is delayed by a different tap delay interval. 

7. The data storage device de?ned in claim 6 Wherein three 
of the coef?cients of the digital ?nite impulse response ?lter 
are P, 40-2F, and F, Wherein F is an integer from —8 to 7. 

8. A hard disk drive comprising: 
a ?rst ?lter that generates a short DC equaliZation target in 

response to a read back signal, Wherein the read back 
signal is generated by reading magnetic patterns from a 
magnetic disk, the magnetic patterns being generated 
using perpendicular recording; 

a ?rst detector that generates an output sequence in 
response to the short DC equaliZation target; 

a soft-input-soft-output high pass ?lter attenuating DC 
components of the short DC equaliZation target and 
passing loW frequency components of the short DC 
equaliZation target that are above a cutoff frequency to 
generate a ?ltered signal, Wherein the loW frequency 
components comprise characteristics of the magnetic 
patterns; and 

an iterative detector that processes the output sequence in 
response to the ?ltered signal. 

9. The hard disk drive de?ned in claim 8 Wherein the ?rst 
detector is a Viterbi detector. 

10. The hard disk drive de?ned in claim 9 Wherein the ?rst 
?lter is a digital ?nite impulse response ?lter that generates 
the short DC equaliZation target in response to the read back 
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8 
signal, and an output signal of the digital ?nite impulse 
response ?lter is transmitted to an input of the Viterbi detec 
tor. 

11. The hard disk drive de?ned in claim 8 Wherein the 
soft-input-soft-output high pass ?lter comprises a digital 
?nite impulse response ?lter having coef?cients that are mul 
tiplied by the short DC equaliZation target after the short DC 
equaliZation target has been delayed by tap delay intervals, 
each of the coef?cients being multiplied by the short DC 
equaliZation target after one of the tap delay intervals. 

12. The hard disk drive de?ned in claim 1 1 Wherein three of 
the coef?cients of the digital ?nite impulse response ?lter are 
P, 40-2F, and F, Wherein F is an integer from —8 to 7. 

13. The hard disk drive de?ned in claim 8 Wherein the 
cutoff frequency is between 1 and 3 percent of a bit rate of bits 
represented by the magnetic patterns. 

14. The hard disk drive de?ned in claim 8 Wherein the 
cutoff frequency occurs at a greater frequency than any other 
poles introduced into the read back signal. 

15. A method for detecting bits that are stored on a storage 
device, the method comprising: 

generating a short DC equaliZation target in response to a 
read back signal that is generated by reading magnetic 
patterns from a magnetic medium in the storage device, 
the magnetic patterns being generated using perpendicu 
lar recording; 

detecting a bit sequence in response to the short DC equal 
iZation target; 

attenuating DC components of the short DC equaliZation 
target and passing loW frequency components of the 
short DC equaliZation target that are above a cutoff 
frequency using a high pass ?lter to generate a ?ltered 
signal, Wherein the loW frequency components comprise 
characteristics of the magnetic patterns; and 

processing the bit sequence in response to the ?ltered sig 
nal. 

16. The method de?ned in claim 15 Wherein the storage 
device is a hard disk drive, and the magnetic medium is a 
magnetic hard disk. 

17. The method de?ned in claim 15 Wherein detecting the 
bit sequence in response to the short DC equaliZation target 
further comprises detecting the bit sequence using a Viterbi 
detector; and Wherein processing the bit sequence in response 
to the ?ltered signal further comprises processing the bit 
sequence in response to the ?ltered signal using an iterative 
detector. 

18. The method de?ned in claim 17 Wherein generating the 
short DC equaliZation target in response to the read back 
signal further comprises generating the short DC equaliZation 
target using a digital ?nite impulse response ?lter, Wherein an 
output signal of the digital ?nite impulse response ?lter is 
transmitted to an input of the Viterbi detector. 

19. The method de?ned in claim 15 Wherein the high pass 
?lter is a soft-input-soft-output high pass ?ler that comprises 
a digital ?nite impulse response ?lter having coef?cients that 
are multiplied by the short DC equaliZation target after the 
short DC equaliZation target has been delayed by tap delay 
intervals, each of the coef?cients being multiplied by the 
short DC equaliZation target after one of the tap delay inter 
vals. 

20. The method de?ned in claim 15 Wherein the cutoff 
frequency is between 1 and 3 percent of a bit rate of bits that 
are represented by the magnetic patterns. 

* * * * * 


